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Introduction
T he incidence and mortality rates of gastric cancer have faced a remarkable decline in many parts of the world dur-
ing the last half century.1 Based on recent estimates; how-
ever, gastric malignancies are still the second major cause of can-
cer mortalities worldwide and therefore account for a crucial 
health concern.2 
In Iran, gastric malignancies are the most common fatal cancers 
and their incidence rates are above the world’s average.3 Ardabil 
Province located in WKHQRUWKZHVWRI,UDQUDQNVWKH¿UVWLQJDVWULF
malignancies in the country with the age standard incidence rates 
of 49.1 and 25.4 for males and females, respectively.4 It’s worth 
mentioning that Golestan Province in the north east of Iran is re-
ported among the high-incidence rate areas of gastric cancer in the 
country, as well.5
Diet has been postulated as an important aspect in the etiology 
of gastric cancers6 and many studies have been carried out on the 
associations between various dietary constituents and these ma-
lignancies.7
Meat is a food component which its consumption has increased 
considerably worldwide.8 The major cancer type that has so far 
been persuasively linked to high amounts of meat consumption is 
colorectal cancer. Nonetheless, the positive association for other 
gastrointestinal malignancies such as gastric cancers is not still 
conclusive and requires additional investigation. In other words, 
cumulative results from prior studies conclude that the evidence 
regarding both red and processed meat intake and the risk of gas-
tric cancersKDVQRW\HWEHHQVXI¿FLHQWDQGFRPSDWLEOHHQRXJKWR
reach out a consensus.9
A number of potential mechanisms are proposed through which 
meat might provoke the formation of particular carcinogenic 
compounds such as heterocyclic amines (HCAs), N-nitroso com-
pounds (NOCs), and polycyclic aromatic hydrocarbons (PAHs).10 
These compounds are likely to be produced either during cooking 
or due to endogenous reactions. It is also suggested that both hem 
iron content and high energy density of meat might also contrib-
ute to carcinogenesis. All these mechanisms can yield to a con-
nection between meat intake and cancer risk.10
In Iran, only a limited number of studies have investigated the 
role of some dietary factors including fruits, vegetables, dairy 
products,11 tea consumption,12 DQG YLWDPLQ GH¿FLHQFLHV13 in the 
causation of upper gastrointestinal cancers. However, there has 
been an apparent lack of investigation regarding the association of 
meat intake and the risk of gastric cancer. Hence, to expand upon 
SUHYLRXV ¿QGLQJVwe designed a study in Golestan Province, 
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which as mentioned before is a high-risk area for gastric malig-
nancies. The aim of this study was to explore the relation between 
meat consumption and the risk of gastric cancer in the study area.
Materials and Methods
'H¿QLWLRQDQGVHOHFWLRQRIVXEMHFWV
Subjects within this study were requited from the previous 
Golestan case-control study. In brief, this study was performed 
to assess the relation between opium use and the risk of gastric 
cancers.14 Cases of the mentioned study were recruited from 2004 
through 2011 at the Atrak Clinic, which is a specialized referral 
clinic for upper digestive tract malignancies instituted by the Di-
gestive Disease Research Center (DDRC) of Tehran University 
of Medical Sciences in eastern Golestan. All local physicians are 
proclaimed to refer their patients suspicious of having upper gas-
WURLQWHVWLQDO*,FDQFHUVWRWKLVFOLQLF&DVHVZHUHFRQ¿UPHGKLV-
topathologically DQGTXDOL¿HGIRUWDNLQJSDUWLIEHLQJ\HDUVROG
or higher, living in the catchment area at the time of enrolment, 
and having no prior or simultaneous history of any cancers.15 Con-
WUROVZHUHLGHQWL¿HGIURPWKH*ROHVWDQ&RKRUWVWXG\%ULHÀ\WKH
Golestan Cohort study is a prospective study in Golestan province 
with initial aim of exploring the etiology of upper gastrointestinal 
malignancies in the region. The study recruited 50045 healthy in-
habitants (40–75 years old) between 2004 and 2008. Details of the 
cohort study have already been published.16 For our study, we ran-
domly selected 675 controls from the cohort, with no matching, 
for 198 gastric cancer cases that were recruited at Atrak Clinic. Of 
these subjects included in the study, we omitted three cases and 
10 controls who had implausible energy intake estimates (mean 
6' DQG¿YH FDVHVand 18 controls who failed to complete 
the food frequency TXHVWLRQQDLUH))4VXI¿FLHQWO\7KHVHH[FOX-
sions yielded a total number of 190 cases and 647 unmatched con-
trols to be considered for statistical analysis.
Data collection and dietary assessment 
At baseline, for cases after being diagnosed at the Atrak Clinic 
and for controls after being registered in the cohort study, a trained 
SK\VLFLDQLQWHUYLHZHGHDFKVXEMHFWWR¿OORXWDVWUXFWXUHGlifestyle 
questionnaire. In brief, this questionnaire collected information 
regarding demographic features; anthropometric measures; socio-
economic status (SES)15; residential, occupational, smoking , and 
medication histories; and other known potential confounders. Be-
sides, DWUDLQHGQXWULWLRQLVWIXO¿OOHGDLWHP))4IRUHDFKsub-
ject. This semi-quantitative FFQ was designed exclusively for this 
region based on food choices and preferences of the inhabitants. 
The validity and reliability of the FFQ were previously assessed 
using twelve 24-hr recall questionnaires, four FFQs, and bio-
chemical measurements at the pilot phase of the Golestan Cohort 
Study.17 The FFQ evaluated the consumption frequency and por-
tion sizes of foods and beverages during the prior twelve months. 
Portion sizes and daily nutrient intakes (grams/day) were calcu-
lated using the US Department of Agriculture Food Consumption 
Table, release 23. :HFODVVL¿HGPHDWVLQWRWZRJURXSVRIUHGDQG
white meats. Lamb, beef, liver and other viscera, hamburgers, hot 
dogs, sausage, and cold cuts were regarded as red meats. White 
PHDWVDOVRLQFOXGHGFKLFNHQSRXOWU\DQG¿VK0HDWVFRQWDLQHG
within mixed dishes, such as pizza and stew, were categorized 
according to their respective meat type. 
To evaluate H. pylori infection, blood samples were sent to the 
German Cancer Research Center located in Heidelberg, Germany, 
where H. pylori multiplex serology method was administered to 
distinguish CagA-positive H. pylori-infected subjects.18
The protocol of this study was approved by the ethical review 
boards of the DDRC, NCI, and IARC. Besides, written informed 
consents were also obtained from each participant at the time of 
initial enrolment.
Statistical analysis
Firstly, energy-adjusted means of red and white meat consump-
tion were calculated using Residual Method. Then subjects were 
categorized into quartiles based on red and white meat intake. 
Means of quantitative variables among the quartiles of red and 
white meat consumption were compared using one-way ANOVA 
test. Chi-square test and Chi-square for trend test were also ad-
ministered to compare qualitative variables among the quartiles 
of meat consumption. Means of food groups intake adjusted for 
age, sex, and energy were computed among the quartiles of red 
and white meat consumption using the General Linear Model and 
the means were then compared by ANCOVA test. To assess the 
relation between red and white meat consumption and the risk 
of gastric cancer, the Logistic Regression Model was used. The 
risk of gastric cancerZDV¿UVWHVWLPDWHGDPRQJWKHTXDUWLOHVRI
red and white meat intake in the row model. Next, in the multi-
variate model the aforesaid relation was evaluated after being ad-
justed for the variables of age (30–50, 51–70, >71 years old), sex 
(qualitative), energy intake (kcal/day), ethnicity (qualitative), hot 
tea consumption (qualitative), tooth brushing (yes/no), cigarette 
smoking (yes/no), SES (high, average, low), literacy (literate/il-
literate), opium consumption (yes/no), grains intake (quartiles), 
dairy consumption (quartiles), and vegetable (quartiles) and fruit 
(quartiles) intake. The interaction between red and white meat in-
take was also taken under control in the adjusted model. To assess 
Ptrend for ORs among the quartiles of red and white meat intake, 
the medians of red and white meat consumption in each quartile 
ZHUH¿UVWFDOFXODWHGDQGthen used as quantitative variables in the 
Logistic Regression Model. 
Results
Table 1 presents the baseline characteristics of the case and con-
trol groups in the study. As stated, Cases of gastric cancer were 
more likely to be older, heavier, and therefore to have higher body 
mass index (BMI) compared to healthy individuals within the 
control group. Besides, they were less likely to be married and 
of Turkmen ethnicity. They were also more probable to be illiter-
ate and considerably much more willing to drink hot tea than the 
control group. In addition, they consumed more opium and did 
not brush their teeth for at least once a day. However, surprisingly, 
they were less cigarette smokers compared to the control group.
Regarding energy, food groups, and nutrients intake, it was ob-
served that daily calorie intake of cases was higher than that of 
controls (Table 2). The mean of total meat intake wasVLJQL¿FDQWO\
higher in cases (89.2 ± 89.9 g/d) versus controls (88.4 ± 69.2 g/d). 
The same pattern was also perceived regarding red meat con-
sumption (22.5 ± 27.3 g/d compared to 17.1 ± 16.9 g/d). Inversely, 
the intake of white meat was higher in controls rather than cases 
(71.2 ± 66.0 g/d versus 66.7 ± 85.4 g/d). Considering other food 
groups, cases consumed more dairy, fruits, grains, and oil per day 
compared to the healthy individuals. 
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Individuals in the highest versus the lowest quartiles of red meat 
consumption were more likely to be of a higher SES and alcohol 
consumers. Besides, they tended to consume more fruits and veg-
etables and fewer grains (g/d). On the contrary, those in the lowest 
compared to the highest quartiles had a greater propensity to be 
rural, illiterate, and consumed more energy (kcal/d), mainly from 
carbohydrate and less from fat sources (Table 3). 
With regard to white meat consumption, individuals in the low-
est quartile tended to be older, of a higher SES, to have a slightly 
more BMI, and to consume more vegetables (g/d) compared to 
ones in the highest quartile of white meat intake. Moreover, the 
percentage of energy allocated from fat and protein sources were 
higher in the highest versus the lowest quartiles of white meat 
intake. On the other hand, those in the lowest quartile were more 
likely to be married, opium users, hot tea drinkers, and consumed 
more grains (g/d). They also had a greater propensity to consume 
more energy, mainly derived from carbohydrate sources (Table 3). 
Total red meat consumption (fresh and processed red meat) 
VKRZHGDYHU\VOLJKWQRWVWDWLVWLFDOO\VLJQL¿FDQWGHFUHDVHGULVN
of gastric cancer in the row model (OR for the highest versus the 
lowest quartiles of red meat intake: 0.92, 95% CI: 0.61–1.39; Ptrend: 
0.001) (Table 4). After being adjusted for potential confounders, 
however, a positive association was observed between total red 
meat intake and the risk of gastric cancer in the multivariable-
adjusted model (OR: 1.87, 95% CI: 1.01–3.47; Ptrend: 0.07). Re-JDUGLQJZKLWHPHDWFRQVXPSWLRQSRXOWU\DQG¿VKDVWDWLVWLFDOO\
VLJQL¿FDQW LQYHUVH DVVRFLDWLRQZDV REVHUYHG LQ WKH URZPRGHO
(OR for the highest versus the lowest quartiles of white meat in-
take: 0.48, 95% CI: 0.31–0.75; Ptrend: <0.001). This protective role 
was still detected in the multivariable-adjusted model which also 
UHDFKHG VWDWLVWLFDO VLJQL¿FDQFH 25   &, ±
Ptrend: 0.005).
Discussion
This population-based case-control study was designed to ex-
plore the relationship between meat consumption and gastric can-
FHULQ,UDQ7KHUHVXOWVUHYHDOHGDVWDWLVWLFDOO\VLJQL¿FDQWHOHYDWHG
risk of gastric cancer regarding total red meat intake (fresh red 
meat and processed red meat). On the other hand, individuals in 
WKHKLJKHVWTXDUWLOHRIZKLWHPHDWFRQVXPSWLRQSRXOWU\DQG¿VK
showed a reduced risk of gastric cancer compared to those in the 
ORZHVWTXDUWLOHZKLFKDOVRUHDFKHGVWDWLVWLFDOVLJQL¿FDQFH
Several studies with case-control designs have been carried out 
so far to assess the relation between red and processed meat in-
take and the risk of gastric cancers.9,19 Some have shown a statis-
WLFDOO\VLJQL¿FDQWHOHYDWHGULVNFRQFHUQLQJIUHVKUHGPHDW20,21 or 
processed meat intake21–24 and the risk of gastric cancer. While, 
VRPHRWKHUVHLWKHUUHDFKHGQRVWDWLVWLFDOVLJQL¿FDQFHRUIRXQGQR
associations for red23,25–27 or processed meat intake.25,28,29 The same 
pattern is also perceived within cohort studies. In some research 
an increased risk of gastric cancer was observed regarding fresh 
red meat30 and processed meat intake.30,31 Whereas, others have 
seen no associations either for red32–34 or processed meat33,35,36 in 
this regard. As a result of no consensus, a report released in 2007 
concluded that the current evidence is not convincing enough to 
judge a positive association regarding red or processed meat in-
take and the risk of gastric cancers.9
Characteristics Cases (n = 190) Controls (n   P-value
Age (years)* 65.3 (11.2) 61.4 (10.3) <0.001
Sex (% men)* 68.9 66.9 0.6
Weight (kg) * 66.3 (14.0) 58.1 (13.4) <0.001
BMI (kg/m2)* 25.5 (5.1) 21.9 (4.9) <0.001
SES (score)* 12.9 (5.3) 13.2 (5.5) 0.5
Area (% rural) 63.2 65.5 0.5
Ethnicity (%Turkmen) 51.6 66.9 <0.001
Marital status (% married) 76.3 88.1 <0.001
Literacy (% illiterate) 81.6 72.6 0.01
Cigarette smoking (% current smoker) 10.0 13.9 0.03
Opium use (% users) 33.2 19.6 <0.001
Alcohol consumption (% consumers) 4.2 7.1 0.2
Tooth brushing (% not brushers) 77.9 62.6 <0.001
Tea temperature (% hot tea drinkers) 62.6 30.9 <0.001
H. pylori infection (% +HPMS) 85.3 82.8 0.5
BMI = body mass index, SES = socio-economic status, * mean (SD) 
Table 1. Baseline characteristics of the case and control groups in the study.
Energy intake* Cases (n = 190) Controls (n   P-value
Energy (kcal/day) 2508 (789) 2150 (606) <0.001
Energy from carbohydrate (%) 54.4 (9.3) 56.2 (7.3) 0.006
Energy from fat (%) 35.1 (8.6) 31.9 (6.3) <0.001
Energy from protein (%) 12.8 (3.4) 14.1 (3.2) <0.001
Food groups *
Total meat (g/d) 89.2 (89.9) 88.4 (69.2) 0.01
Red meat 22.5 (27.3) 17.1 (16.9) <0.001
White meat 66.7 (85.4) 71.2 (66.0) 0.02
Dairy (g/d) 262.0 (173.4) 217.5 (145.3) 0.02
Fruits (g/d) 217.3 (202.6) 139.8 122.4) <0.001
Vegetables (g/d) 120.5 (87.7) 134.1 (92.1) 0.07
Grains (g/d) 433.4 (156.0) 407.6 (156.7) 0.046
Fat and oil (g/d) 47.3 (33.3) 31.0 (20.3) <0.001
*mean (SD)
Table 2. Daily energy, food groups, and nutrients intake of the case and control groups in the study.
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*DVWULF&DQFHUDQG0HDW&RQVXPSWLRQLQ,UDQ
As mentioned earlier, a number of possible mechanisms are pro-
posed to explain how meat intake might induce cancer. Meat is 
often regarded as both a high-fat and energy-dense food, and it is 
believed that animal fats and high energy density foods can yield 
to obesity which, in turn, might pose cancer risk.10 Cooking meat 
at high temperatures can also provoke destructive reactions be-
tween amino acids and creatine to produce carcinogenic HCAs.37 
PAHs are another carcinogenic substances formed during cook-
ing meat over intense and usually direct heat (grilling or barbe-
quing).38 Carcinogenic NOCs might be partially produced due to 
high hem content of meat or as a result of nitrite and nitrate reac-
tions within the body. Nitrite and nitrate might be either added to 
meat during curing processes or naturally presented within dietary 
sources.10 Besides, processed meat usually contains high amounts 
of salt and it is experimentally shown that high salt may impair 
gastric mucosa which can heighten carcinogenesis.9 
:HDOVRREVHUYHGDVWDWLVWLFDOO\VLJQL¿FDQW UHYHUVHDVVRFLDWLRQ
between white meat intake and the risk of gastric cancer. Regard-
LQJ¿VKFRQVXPSWLRQVRIDUWKHUHKDVEHHQLQFRPSDWLELOLW\DPRQJ
the results of former studies.39 While some have reported a statisti-
FDOO\VLJQL¿FDQWSURWHFWLYHUROHDJDLQVWJDVWULFFDQFHU28,40,41 some 
RWKHUVHLWKHUUHDFKHGQRVWDWLVWLFDOVLJQL¿FDQFH24,25,42 or showed a 
positive association.21 Hence, a meta-analysis reached the conclu-
sion that the existing evidence still shows an unclear relation be-
WZHHQ¿VKFRQVXPSWLRQDQGJDVWULFFDQFHU39
Fish contains high amounts of polyunsaturated fatty acids (PU-
FAs) which are suggested to hinder carcinogenesis.41,43 It is also 
postulated that NOCs might be less probable to be produced en-
dogenously during the consumption of white meat.44 On the other 
KDQGKRZHYHU¿VKKDVWKHSURSHQVLW\WRDFFXPXODWHSROOXWDQWV
that may contain carcinogenic heavy metals or organic com-
pounds which mainly store within its fat deposits.45
The evidence regarding poultry consumption and the risk of gas-
WULFFDQFHULVVRFRQ¿QHGLQTXDQWLW\DQGFRQVLVWHQF\WKDWFRQFOX-
sive results cannot be drawn.9 On the one hand, some of these lim-
ited studies have reported an inverse association of no statistical 
VLJQL¿FDQFH25,31 and on the other hand, some others have shown a 
VWDWLVWLFDOO\VLJQL¿FDQW46RUQRQVLJQL¿FDQW11,30 positive association 
in this regard. 
Our study has some notable strength in comparison to similar 
case-control studies. The big plus is that it is a population-based 
study with a neighborhood control design. It is shown that these 
controls are superior to hospital-based ones in the study of up-
per gastrointestinal cancers in this region.47+LVWRORJLFFRQ¿UPD-
tion of cases and use of validated questionnaires to collect dietary 
and lifestyle information should be mentioned as well. Another 
worth- mentioning point of this study is that H. pylori infection 
was determined using H. pylori multiplex serology which has 
a high-throughput for assessing H. pylori prevalence compared 
to similar methods.18 Despite the fact that H. pylori infection is 
an established risk factor for gastric cancer,48,49 we observed no 
VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFH EHWZHHQ WKH FDVH DQG FRQWURO
groups regarding H. pylori infection. A rational explanation of this 
observation might be the high prevalence of H. pylori infection in 
the Iranian context.5 Besides, the majority of H. pylori-infected 
individuals in Iran are of CagA positive strain.5 Although there is 
no ambiguity in the association between CagA positive H. pylori 
and non-cardia gastric cancer,50,51 the role of CagA positive H. py-
lori infection in the risk of cardia gastric cancer is still vague in 
some research.52,53
Some of the limitations of this study are those inherent to case-
control designs, including recall bias, particularly with regard to 
))4GDWD%HVLGHVVRPHOLPLWDWLRQVDUHVSHFL¿FWRWKHVWXG\LW-
self. Although there was a serious attempt to gather information 
UHJDUGLQJDOONQRZQULVNIDFWRUVWKDWPD\LQÀXHQFHWKHUHVXOWVRI
the study, we lacked data on physical activity and family history 
of gastric cancer which can potentially confound our estimates. 
Lack of information regarding different methods of cooking and 
meat preparation was also another limitation of the study. How-
ever, some studies have not reached the conclusion that cooking 
meat at high temperatures or heterocyclic amines might be related 
to gastric cancer. 32,54 Finally, we could not distinguish between 
histologic subtypes of gastric cancers due to lack of adequate data. 
In summary, we found a positive association of total red meat 
consumption and gastric cancer risk, whereas white meat con-
sumption was inversely associated with the risk.
References
1. Jemal A, Center MM, DeSantis C, Ward EM. Global patterns of cancer 
incidence and mortality rates and trends. Cancer Epidemiol Biomarkers 
Prev. 2010; 19: 1893 – 1907.
2. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates 
of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Can-
cer. 2010; 2893 – 2917.
3. Sadjadi A, Nouraie M, Mohagheghi MA, Mousavi-Jarrahi A, Male-
kezadeh R, Parkin DM. Cancer occurrence in Iran in 2002, an interna-
tional perspective. Asian Pac J Cancer Prev. 2005; 6: 359.
4. Sadjadi A, Malekzadeh R, Derakhshan MH, Sepehr A, Nouraie M, So-
WRXGHK0HWDO&DQFHURFFXUUHQFHLQ$UGDELO5HVXOWVRIDSRSXODWLRQ
based Cancer Registry from Iran. Int J Cancer. 2003; 113 – 118.
5. Malekzadeh R, Derakhshan MH, Malekzadeh Z. Gastric cancer in Iran: 
epidemiology and risk factors. Arch Iran Med. 2009; 12: 576 – 583.
Quartile Number of cases Number of controls aRow model bAdjusted model
Red Meat
Q1 65 161 1 1
Q2 36 162 0.55 (0.34 – 0.87) 1.02 (0.53 – 1.96)
Q3 29 163 0.44 (0.27 – 0.71) 0.83 (0.41 – 1.66)
Q4 60 161 0.92 (0.61 – 1.39) 1.87 (1.01 – 3.47)
Ptrend = 0.001 Ptrend 
White meat
Q1 84 162 1 1
Q2 33 162 0.39 (0.24 – 0.63) 0.50 (0.27 – 0.93)
Q3 32 161 0.38 (0.24 – 0.60) 0.41 (0.21 – 0.78)
Q4 41 162 0.48 (0.31 – 0.75) 0.36 (0.19 – 0.68)
Ptrend = <0.001 Ptrend = 0.005
aRow model= Crude OR; bAdjusted model= adjusted for age (30–50, 51–70, >71 years old), sex (qualitative), energy intake (kcal/day), ethnicity (qualitative), 
hot tea consumption (qualitative), tooth brushing (yes/no), cigarette smoking (yes/no), SES (high, average, low), literacy (literate/illiterate), opium 
consumption (yes/no), grains intake (quartiles), dairy consumption (quartiles), and vegetable (quartiles) and fruit (quartiles) intake.
Table 4. Multivariate adjusted ORs (95% CIs) for gastric cancer across the quartiles of red and white meat consumption.
Archives of Iranian Medicine, Volume 16, Number 6, June 2013 329
1=DPDQL0+DMLIDUDML$)0DOHNVKDKHWDO
6. Brenner H, Rothenbacher D, Arndt V. Epidemiology of stomach cancer. 
Methods Mol Biol. 2009; 467 – 477.
7. Tsugane S, Sasazuki S. Diet and the risk of gastric cancer: review of 
epidemiological evidence. Gastric Cancer. 2007;  10: 75 – 83.
8. Kearney J. Food consumption trends and drivers. Philosophical Trans-
actions of the Royal Society B. Biol Sci. 2010; 365: 2793 – 2807.
9. Glade MJ. Food, nutrition, and the prevention of cancer: a global per-
spective. American Institute for Cancer Research/World Cancer Re-
search Fund, American Institute for Cancer Research, 1997. Nutrition. 
1999; 15: 523 – 526.
10. Ferguson LR. Meat and cancer. Meat Sci. 2010;  308 – 313.
11. Pourfarzi F, Whelan A, Kaldor J, Malekzadeh R. The role of diet and 
other environmental factors in the causation of gastric cancer in Iran—a 
population based study. Int J Cancer. 2009; 125: 1953 – 1960.
12. Islami F, Pourshams A, Nasrollahzadeh D, Kamangar F, Fahimi S, 
Shakeri R, et al. Tea drinking habits and oesophageal cancer in a high 
risk area in northern Iran: population based case-control study. Br Med 
J. 2009; 338: b929.
13. Malekshah AF, Kimiagar M, Pourshams A, Yazdani J, Goglani G, Jaaf-
DUL(HWDO9LWDPLQGH¿FLHQF\LQ*ROHVWDQ3URYLQFHQRUWKHUQ,UDQD
high-risk area for esophageal cancer. Arch Iran Med. 2010; 13: 391.
14. Shakeri R, Malekzadeh R, Etemadi A, Nasrollahzadeh D, Aghcheli K, 
Sotoudeh M, et al. Opium: an emerging risk factor for gastric adenocar-
cinoma. Int J Cancer. 2013; 133: 455 – 461
15. Islami F, Kamangar F, Nasrollahzadeh D, Aghcheli K, Sotoudeh M, 
Abedi-Ardekani B, et al. Socio-economic status and oesophageal can-
cer: results from a population-based case-control study in a high-risk 
area. Int J Epidemiol. 2009; 38: 978 – 988.
16. Pourshams A, Khademi H, Malekshah AF, Islami F, Nouraei M, Sad-
MDGL$5HWDO&RKRUWSUR¿OHWKH*ROHVWDQ&RKRUW6WXG\²DSURVSHFWLYH
study of oesophageal cancer in northern Iran. Int J Epidemiol. 2010; 
39: 52 – 59.
17. Malekshah A, Kimiagar M, Saadatian-Elahi M, Pourshams A, Nouraie 
M, Goglani G, et al. Validity and reliability of a new food frequency 
questionnaire compared to 24 h recalls and biochemical measurements: 
pilot phase of Golestan cohort study of esophageal cancer. Eur J Clin 
Nutr. 2006; 60: 971 – 977.
18. Michel A, Waterboer T, Kist M, Pawlita M. Helicobacter pylori multi-
plex serology. Helicobacter. 2009; 525 – 535.
19. Larsson SC, Orsini N, Wolk A. Processed meat consumption and stom-
ach cancer risk: a meta-analysis. J Natl Cancer Inst. 2006; 98:1078 – 
1087.
20. Correa P, Fontham E, Pickle LW, Chen V, Lin Y, Haenszel W. Dietary 
determinants of gastric cancer in south Louisiana inhabitants. J Natl 
Cancer Inst. 1985;  645 – 654.
21. Ward MH, López-Carrillo L. Dietary factors and the risk of gastric can-
cer in Mexico City. Am J Epidemiol. 1999;  925 – 932.
22. De Stefani E, Ronco A, Brennan P, Boffetta P. Meat consumption and 
risk of stomach cancer in Uruguay: a case-control study. Nutr Cancer. 
2001;  103 – 107.
23. Boeing H, Jedrychowski W, Wahrendorf J, Popiela T, Tobiasz-Adam-
czyk B, Kulig A. Dietary risk factors in intestinal and diffuse types of 
stomach cancer: a multicenter case-control study in Poland. Cancer 
Causes Control. 1991; 2: 227 – 233.
24. Takezaki T, Gao CM, Wu JZ, Ding JH, Liu YT, Zhang Y, et al. Di-
etary protective and risk factors for esophageal and stomach cancers 
in a low-epidemic area for stomach cancer in Jiangsu Province, China: 
comparison with those in a high-epidemic area. Cancer Sci. 2001; 92: 
1157 – 1165.
25. Chen H, Ward MH, Graubard BI, Heineman EF, Markin RM, Po-
tischman NA, et al. Dietary patterns and adenocarcinoma of the esopha-
gus and distal stomach. Am J Clin Nutr. 2002;  137 – 144.
26. Mathew A, Gangadharan P, Varghese C, Nair M. Diet and stomach can-
cer: a case-control study in South India. Eur J Cancer Prev. 2000; 9: 89.
27. Ji BT, Chow WH, Yang G, Mclaughlin JK, Zheng W, Shu XO, et al. 
Dietary habits and stomach cancer in Shanghai, China. Int J Cancer. 
1998;  659 – 664.
28. Ito LS, Inoue M, Tajima K, Yamamura Y, Kodera Y, Hirose K, et al. 
Dietary factors and the risk of gastric cancer among Japanese women: a 
comparison between the differentiated and non-differentiated subtypes. 
Ann Epidemiol. 2003; 13: 24.
29. Lissowska J, Gail MH, Pee D, Groves FD, Sobin LH, Nasierowska-
Guttmejer A, et al. Diet and stomach cancer risk in Warsaw, Poland. 
Nutr Cancer. 2004;  149 – 159.
30. González CA, Jakszyn P, Pera G, Agudo A, Bingham S, Palli D, et 
al. Meat intake and risk of stomach and esophageal adenocarcinoma 
within the European Prospective Investigation Into Cancer and Nutri-
tion (EPIC). J Natl Cancer Inst. 2006; 98: 345 – 354.
31. Larsson SC, Bergkvist L, Wolk A. Processed meat consumption, dietary 
nitrosamines and stomach cancer risk in a cohort of Swedish women. Int 
J Cancer. 2006; 119: 915 – 919.
32. Cross AJ, Freedman ND, Ren J, Ward MH, Hollenbeck AR, Schatzkin 
A, et al. Meat consumption and risk of esophageal and gastric cancer in 
a large prospective study. Am J Gastroenterol. 2010; 106: 432 – 442.
33. Ngoan L, Mizoue T, Fujino Y, Tokui N, Yoshimura T. Dietary factors 
and stomach cancer mortality. Br J Cancer. 2002;  37 – 42.
34. Inoue M, Tajima K, Kobayashi S, Suzuki T, Matsuura A, Nakamura 
T, et al. Protective factor against progression from atrophic gastritis to 
gastric cancer — data from a cohort study in Japan. Int J Cancer. 1998; 
66: 309 – 314.
35. McCullough ML, Robertson AS, Jacobs EJ, Chao A, Calle EE, Thun 
MJ. A prospective study of diet and stomach cancer mortality in United 
States men and women. Cancer Epidemiol Biomarkers Prev. 2001; 10: 
1201 – 1205.
36. Galanis DJ, Kolonel LN, Lee J, Nomura A. Intakes of selected foods 
and beverages and the incidence of gastric cancer among the Japanese 
residents of Hawaii: a prospective study. Int J Epidemiol. 1998;  173 
– 180.
37. Sugimura T, Wakabayashi K, Nakagama H, Nagao M. Heterocyclic 
amines: Mutagens/carcinogens produced during cooking of meat and 
¿VKCancer Sci. 2004; 95: 290 – 299.
38. Knize MG, Salmon CP, Pais P, Felton JS. Food heating and the forma-
tion of heterocyclic aromatic amine and polycyclic aromatic hydrocar-
bon mutagens/carcinogens.  Adv Exp Med Biol. 1999;  179 – 193.
39. Wu S, Liang J, Zhang L, Zhu X, Liu X, Miao D. Fish consumption and 
the risk of gastric cancer: systematic review and meta-analysis. BMC 
Cancer. 2011; 11: 26.
40. Muñoz N, Plummer M, Vivas J, Moreno V, De Sanjosé S, Lopez G, et 
al. A case-control study of gastric cancer in Venezuela. Int J Cancer. 
2001; 93: 417 – 423.
41. Fernandez E, Chatenoud L, La Vecchia C, Negri E, Franceschi S. Fish 
consumption and cancer risk. Am J Clin Nutr. 1999;  85 – 90.
42. Hu J, La Vecchia C, DesMeules M, Negri E, Mery L, Group CCRER. 
0HDWDQG¿VKFRQVXPSWLRQDQGFDQFHULQ&DQDGDNutr Cancer. 2008; 
60: 313 – 324.
43. Rose DP, Connolly JM. Omega-3 fatty acids as cancer chemopreventive 
agents. Pharmacol Ther. 1999; 83: 217 – 244.
44. Bingham SA, Hughes R, Cross AJ. Effect of white versus red meat on 
endogenous N-nitrosation in the human colon and further evidence of a 
dose response. J Nutr. 2002; 132: 3522S – 3525S.
45. Castro-González M, Méndez-Armenta M. Heavy metals: Implica-
WLRQVDVVRFLDWHGWR¿VKFRQVXPSWLRQEnviron Toxic Pharmacol. 2008; 
26:263-71.
46. Navarro Silvera SA, Mayne ST, Risch H, Gammon MD, Vaughan TL, 
Chow WH, et al. Food group intake and risk of subtypes of esophageal 
and gastric cancer. Int J Cancer. 2008; 123: 852 – 860.
47. Shakeri R, Kamangar F, Nasrollahzadeh D, Nouraie M, Khademi H, 
Etemadi A, et al. Is opium a real risk factor for esophageal cancer or just 
a methodological artifact? Hospital and neighborhood controls in case-
control studies. PloS One. 2012;  e32711.
48. Forman D, Coleman M, De Backer G, Eider J, Moller H, Damotta L, et 
al. An international association between Helicobacter pylori infection 
and gastric-cancer. Lancet. 1993;  1359 – 1362.
49. +XPDQV,:*RW(R&5W6FKLVWRVRPHVOLYHUÀXNHVDQGHelicobacter py-
lori: World Health Organization; 1994.
50. Wu AH, Crabtree JE, Bernstein L, Hawtin P, Cockburn M, Tseng CC, et 
al. Role of Helicobacter pylori CagA+ strains and risk of adenocarcino-
ma of the stomach and esophagus. Int J Cancer. 2003; 103: 815 – 821.
51. Palli D, Masala G, Del Giudice G, Plebani M, Basso D, Berti D, et 
al. CagA+ Helicobacter pylori infection and gastric cancer risk in the 
EPIC-EURGAST study. Int J Cancer. 2007; 120: 859 – 867.
52. Chow WH, Blaser MJ, Blot WJ, Gammon MD, Vaughan TL, Risch HA, 
et al. An inverse relation between cagA+ strains of Helicobacter pylori 
infection and risk of esophageal and gastric cardia adenocarcinoma. 
Cancer Res. 1998; 58: 588 – 590.
53. Webb PM, Yu MC, Forman D, Henderson BE, Newell DG, Yuan JM, et 
al. An apparent lack of association between Helicobacter pylori infec-
tion and risk of gastric cancer in China. Int J Cancer. 1998;  603 
– 607.
54. Terry PD, Lagergren J, Wolk A, Steineck G, Nyrén O. Dietary intake 
of heterocyclic amines and cancers of the esophagus and gastric cardia. 
Cancer Epidemiol Biomarkers Prev. 2003; 12: 940 – 944.
